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ABSTRACT 



Oil-imiHcgnated sintered bearing has a bearing bore with 
axially extending grooves formed therein so that in a cross- 
section erf the bearing bOTC concave and convex portions 
altonate Id the circuinfcrcntial direction* the surface poros- 
ity of the convex portions being preferably larger than that 
of the concave portions. Fonoed in part of an inner ciraim- 
feience of the bearing bore, is a bearing surface for siq>- 
porting a rotary shaft the rest of the inner circumference 
other than the bearing surface extending toward an end edge 
of the bearing bore at a t&pa angle of 2° to 10 over a width 
of at least Vy or more of an axial width of the bearing surface. 

2 Claims, 9 Drawing Sheets 




01/24/2003, EAST Version: 1.03.0002 



U.S. Patent 



Jan. 6, 1998 Sheet 1 of 9 



5,704,718 



FIG.1A 
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SINTERED OIL-IMPREGNATED BEARING According to the test conducted on the actual motw, 

AND METHOD FOR MANWACTURING however, when the porosity Icvd was neariy tiie same in the 

gy^j^ convex and concave portions, the shaft runout was 

significant, and the required specification for the laser t^eam 

BACKGROUND OF THE INVENTION j printer was not satisfied. When the porosity of the convex 

^ w^M «f nw. Tnv^nti An pOTtious was snmUcT than that of the other portions, tfic axial 

a. Fidd of the Invention ^^^^ ^ significant and the trajectory of shaft 
The present invention relates to ^^"""J^^S^f^.^?;^ axis (Ussajous* figure) was completely unstable, as shown 

tcred bearing suitable for use with a v^tical spindle which ^^^^ ^ ^ ^^^^ 

is subject to unsteady vibrations, a such as a scann^ motw ^^^^ could not be obtained. This was assumed 

spindle used in a laser beam printer or a digital copier. to be mainly due to pcnneation of oQ into the inside of the 

b. Prior Art bearing through the pores in the convex portiwis before an 
The scanner motw used in the laser beam printer or digital ^ fcniicd on the convex poitions. That is, in the 

copier is recently in the tendency of a higher speed and a conventional bearing, the concave portions do not work as 

smaller size, and in the laser bram printer, for ciample, & x5 an oil suxiq> by reason of permeation of oU, and sufficient oil 

rotatiooal speed of more than 10,000 rcvohitioas per minute film is not formed on the convex portions, failing to achieve 

is needed. On the other band, dicre is also a strong demand stzbic rotational accuracy althou^ the Raylcigh st^ bear- 

for a lower cost, and it has been smdied to use oH- ing is so designed that the concave portions serve as oil 

impregnated sintered bearings which are inexpensive as gnmp and the anyle oil kept in Ac concave portions is drawn 

compared with roller bearings. FIG. 10 shows an exan^e of into the narrow space on the convex portions in the bearing 

a conventional ofl-impnegnated sintered bearing, in \diich clearance along witfi rotation <rf the rotary shaft, thereby 

reference numeral 3 denotes a rotary shaft 4" an oil- generating a dynamic action so as to suppcMt the rolaiy shaft 

inc^gnated sintered bearing, and 5 a housing. stably. 

When the oil-impregnated sintered bearing 4" having a Concerning die method of manufacturing the Rayletgh 
bearing bore of an ordinary cylindrical sh^ (FIG. 10) is 25 step bearing, for example, it may be possiWc to carry out Ac 
used, for a rotary shaft which rotates at a high speed, the oil siting using a sizing pin of a tooAed-wheel-like cross- 
draw-in action from the bearing side to the rotary diaft 3 side section. However, it is hard to make the sizing pin of sudi 
by high speed rotation as well as thermal c^wnsion of oil by cross-section with high precision, and in particular the 
frictional heat causes an excessive amount of oil to be drawn concave portions for fonmng the bearing surface (convex 
out of the oil-inqicgnatcd sintered bearing into the bearing 30 portion surface) of die bearing, and acccrdingly, the required 
clearance and overflow flic bearing clearance towards the dimensions, roundness, cylindridty, or surface rou^ess 
botti sides of the bearing surface. A very sligjit portion of the ^ maintained at a high level of precision, 
overflow permeates through a chamfer portion 7 formed at Moreover, if the concave and convex portions are to be 
an end e<4e of the bearing, but the majcaity of the ovaflow finished simultaneously, undue plastic deforniation is 
passes over the rotary shaft 3 and by the chamfer portion 7, 35 required, causing peeling and chip. Hence, the shape. 
scattering about to the outside under the action of centrifugal dimtaisions, and surface porosity cannot be controlled at a 
force. Thercfwe, use of the ordinary oil-impicgnated sin- ^^^^1 of precision, which leads to a decrease in woridng 
tcred bearing 4" in high speed motor causes the oil imprcg- efficiency, an increase in defective rate and oi the total cost 
nated in the sintered bearing 4" to be scattered and exhausted 

in a rdadvcly short period of time, shortening the bearing 40 SUMMARY OF THE INVENTION 

life extremdy short Besides, the smroundings can be con- ^^^^^^ in the light of the above 

taminated by the scattering OIL proWcms, and it is thcrcfOTc an object of the invention to 

As other problem, the internal shape of the ordmary ^ oil-imptegnated sinttred bearing capable of 

oa-imprcgnated sintered bearing is of a circular cross- ^ppo^ing ^ i^tary diaft stably, and a method of manufac^ 

section (FIG. IIA), and when such drcular bearing is used 45 tu^;;;^^ oU-inmregoated sintered bearing with high pre- 

in the laser beam printer, in ^ch the shaft cxIcihU vcrti- effideSly.^^ 

caUy wim 110 radial load being ^^^^^f P^^?^^^ ^ i, another object of the invention to extend the bearing 

enon called v/hiA is very Ukdy to occur, and stable rotational y^j*^ ^ ^ . • 

not obtai^TO^ IIB and HG. UC show test Jjfc by ^^^^^^^'^^^^^ 

rrsuhsof measurement on an actual motor of a la«r beam 50 bearmg twre. and to reahze a stable rotational accuracy free 

printer schcmaticaUy shown in FIG. 9, and as seen nom axial runout 

thcreftom, in die circular sintered bearing, swinging phe^ In one aspect of the invention, toe ofl-iii^)r^t»l sm- 

nomenon (whirl) having a peak at W frequency of rotational tacd bearing con^s a bearing mam body formed in a 

frequency occurred, and (he trajectory of the shaft axis porous body from a sintered aUoy, and having a lubncatmg 

(Ussajous* figure) was not suble. In FIG. 9, reference 55 oil, impregnated therein. The main body has a bearing bore 

numfiwi 1 denotes rotor, 6 a thrust bearing, and 8 a non- f<» rotatably receiving a rotary shaft. A pattern <rf 

contact dispiaccment meter. concave portions and convex portions is arrai^ed m die 

To solve these problems, the scM^dled Rayldgh step circumferential direction of an inner bearmg 

bearing was proposS in Japanese Utility Model Publication bore. Hie surface porosity of die concave poruons is set 

47^39 and Spa^ «> "°^,°L?^ 

otiicrs in which^teal groov«(a>ncave portions) extending ity of flic concave portions inay P^^^y fr^^i 0 to 

in the axial dirLion Conned at eqiTintervals in die 10% by surface area ratio, while the surfao. porosity of the 

circumfcrentialdirection,intheimicrsurfaccofthebearing, convex portions my preferably ranges from 5 to 23% by 

and die pwosity of eadi convex portion, which is situated surface area ratio. 

between a pair of adjacent concave pOTtions and provides die 65 Such oil-impregnated sintered bearing may be 
bearing surface, is set lower than in <rthcr portions, if manufactured, in Hit manufacturing process of an ordinary 

necessary, an order to enhance the rotational accuracy. oil-impregnated sintered bearing, widi carrying out a first 
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sizing with a first sizing pin and a second sizing with a deformation without peeling and cut Hence, the working 

second sizing pin, on the inner drcumference of the bearing efficiency is enhanced, which results in the lowering of 

bore fanned nearly in a circular shape in the bearing main defective rate and reduction in the total cost 

body. That is, the first sizing pin has irfural arcuate fonning invention, the oil-in5>rcgnated 

surfaces and plane fcmmng surfaces alternating in the dr- 5 sintered bearing comprises a porous body fonned from 

cumfcrential direction of the outer circumference theieof. ^^^^icd alloy iimregnatcd with lubricating oil toe porous 

The second smng pin has a circulju forming surface on^ ^ ^ , ^ ^^^j^ ^^^^^ ^^^^^ ^ 

outer cttcumf^na thereof^ In the fiiftazmg the first .^t^ bearing surface te^^ 

sizing pm IS msertcd xnto die bearing bore ^th a krg^ ,^fonned i«^i^ iniTdrcimference of the 

MZU^gaUowance^ Asa res^ bearSigboreapart of thTk^ner circumference of die b«^ 

finished to specified shape and size on the arcuate forming . • ^ ^ a ^ a- 

. V~r - - , ZZZZ bote between the beanng surface and one end edge of the 

^^^^b^caB^>aipc^^t^^ fo^n^ ^^^^^^ ^ ^ ^er in a width of % or mwe of an 

mplanes onthepJanefwinmgsu^^ to the second satafc ^^^a^ bearing surface toward the end edge, and 

the second Sizing pin is inserted into die inner circumference f?*** in^ 

<rf the bearing bore with a smaUer sizing aUowance. so thai at a taper angle or ^ to lu . 

only the convex portions aye finished to specific shape and " <ril-in^gDated smiered beanng, a suflaaent 

size on the circular fuming surface. ^o^^ of oQ can be held by the expanded portion, and the 

me concave portions may be divided into two regions, ov«flowing the be^g surface is ooce pooled in Ais 

anterior and posJerior as viewed in die direction of rotation ^^^T'*^?^^^ scattcrmg-aboutof t^^ 

oftherotary diaftandtfietworegionsmaydifferinsurface ^ «^ ?^ ^^^^ ^ ^O'^ «^f^ 

porosity from each other, ie., the surface porosity of the attraction in the expanded portion^ ^^^lle pooled 

^or may be set smaller than that of the posterior region. temporarily, tibe oil « reduced m ^Imne by natund coohng 

The surface porosity of the anterior region of the concave « ^i^ ^ /^<>°^, ^ su^oundm^ and 

portions may^eferably ranges from 0 to 10% by surface then p^m^s tbro^ the inner crrciunf^ence of die 

^ratio^dierurfaceiirosityofmeposterK^ 25 ^^^P^^^^^^V 'f^"'^^^^^^^^^^^ 

concave portions may preferably ranges from 3 to 20% by circulates to ooze out onto the bemng surface again by A 

surface iea ratio, and die smfice r^sity of the convex s^^on action from the bearing surf ace, thereby lubncatmg 

portions may preferably ranges froiTs to25%. the rotery shaft TTi«efore, die oQdo^^ 

The concavrportions function effectively as an sump, and ^^K"^ luhncahon does not occur, r^ulting m an increased 

1 DC wBi^vc p^iu«^u» lum^iiuii cii«*ivcijf w> *" bearing life, and oil contamination of the surroundings bemg 

toe lubncatmg oil amply held in the concave portions is 30 ^^J^ 
drawn into the narrow region (bearing clearance) between 

die convex portion surface and outer drcumf crencc of the BRIEF DESCRIPTION OF THE DRAWINGS 
rotary shaft, resulting in that the intended action of a 

dynamic pressure is exerted sufficienUy, the runout FIGS. lA to ID show an oil-impregnated sintered bearing 

suppressed, and the trajectcwy of shaft axis (Lissajous* 35 according to an embodiment ctf the invention, in which FIG. 

figure) stabilized* lA is a cross sectional view. FIG. IB is a sectional view 

The oil-in^3regnated sintered bearing having such con- taken along die line B-^ in Fia lA. andHG. IC and HG. 

cave potions may be manufactured, in die manufacturing 1I> are partially magnified views o£ FIG. lA; 

process of an ordinary oil-in^gnated sintered bearing, by FIGS. 2A and 2B are views similar to FIG. IC, showing 

carrying out a first sizing with a first sizing pin and a second 40 modifications of the concave portions of dififcrcnt surface 

sizing with a second sizing pin, on the inner circumference porosity; 

cf the bearing bore fanned nearly in a ciFcular sh^ in tiie FIGS. 3A to 3C show test results of test conducted on an 

bearing main body. In this case, the first sizing pin has plural actual scanner motor incorpc^ating the oil-impregnated sin- 

arcuatc forming surfaces and plane forming surfaces alter- tered bearing of the invention, in wtiich 

Dating in the circumferential direction of the outer 45 fig. 3A is a cross sectional view of die oil-impTegnated 

dicumfcrence. while the second sizing pin has a circular sintered bearing used in the test, FIG. 3B is a schematic 

fwming surface on the outer drcumference. In die first diagram of trajectory of shaft center, and HG. 3C is a gr^ 

sizing, the first sizii^ pin is inserted into the inner circum- showing die result of frequency analysis; 

f erence of die bearing bore widi a Urg^^ sizing aUowance. so 4A and 4B are, respectively, a side view of the first 

tiiatonlydieconcaveportioQsarcfin^hedtospec^edsh^ so sizing pin and a sectional view taken alcmg die Hne B—B of 

and size on the arcuate fonning surfaces of the first sizing 

pin, and that the convex portions arc provisionally formed in ,™ 1 ^ • * 

,v 1 * ' ^ * *u • • FIGS. 5A and 5B are, respectively, a side view of die 

planes on the plane fonmng surfaces of the first sizmg pan. **vjw,. . \. , 

T -1 • • *u ^ J ^-.^ second smne pm and a sectional view taken along the hne 

In the second sizmg, die second sizing pm is inserted into die xiZ_n fFir SA- 

inner circumfcrwiceofthe bearing bore widi a smaller sizing 35 o . , . , . 

allowaace, so tiiat only die convex portions are finished to ^GS. 6Aand 6B are. respectively, apartial sectional view 

specific sha>e and size on die circular fcrming surface of die of a modified form of Uie first sizing pin and a sectional view 

second sizing pin. taken along die line B~B of FIG. 6A; 

In die manufacturing m^od as described, as opposed to FIGS. 7A and 7B arc, re^)ectively, a partial sectional view 
die conventional mediod using die sizing pin of a tootiied- 60 of a modified form of die first sizing pin and a sectional view 
wheel-like cross-section, the convex pcfftion surfaces which taken along die line B — B of FIG. 7A; 
serve as the bearing smfaces are finished by die second FIGS. 8A to 8C show other embodiment of die invention, 
sizing pin having a circular forming surface, resulting in the in which FIG. 8A is a vertical sectional view of die oil- 
dimensions, roundness, cylindridty, and surface roughness impregnated sintered bearing and die shaft supported 
being kept at high precision Moreover, the region of con- 63 thereby, FIG. 8B is a vertical sectional view of the oil- 
cave portions and the region of convex portions are formed impregnated sintered bearing, and FIG. 8c is a sectional 
in separate sizing processes, ensuring modelate plastic view taken along the line C — C of FIG. 8B; 
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FIG. 9 is a votical sectional view showing an example erf 4b into the bearing, as shown in FIG. ID, and the concave 

general stiuctuie oi a scanner moton portions 4b can hardly function as an oil sump effectively. 

*A . J- • I rrrr- fiA .^*«,*tj/.«iK, Thc surfacc pcaTOsitv of the convex pcHtions 4c ranges 

nC. It IS a diagram similar to FIG. 8A, sdiematically ^J^lL from 5 to 25% Thc saxi&cc porosity of S« 

iUustratingthescattcringofhihricatingoUinaconventional ^^^^ ^^ns 4c exceeding 25% aUows 

oil-iu^gnated sintered bearing; permeate through the surfacc pores of the convex 

FIGS. IIA to lie arc diagrams similar to FIGS. 3A to 3C, portions 4c into the bearing, and less dynamic pressure is 

showing results of test conducted on an actual scanner motor exerted, failing to provide steblc support for the rotary shaft 

inccxpmting a conventional oil-in^egnated sintered bear- 3. Xo the contrary, ^en the surface p(^osity of the convex 

ing: and portions 4c is less than 5%, the iubncating <h1 is not supplied 

FIGS. 12A and 12B arc diagrams similar to FIGS. 3A and instantly into tiie clearance between the rotary shaft 3 and 

3C, showing results of test conducted on an actual scanner the convex portions 4c upon the starting of the rotary 

motorincocporating other conventional oil-inqrcgnated sin- shaft since the rotaiy shaft 3, ^n slopped, and thc convex 

tercd bearing. portions 4c are in contact, leading to an increase in a starting 

torque, M^ch can cause wear. 

DESCRIPTION OF THE PREFERRED MODES Results of measurement using an actual scanner motor 

Referring first to an embodiment of the invention sIkwd (same in structure as that shown in FIG. 9) erf a laser beam 

in FIGS. lA to IC, an ofl-in^egnated bearing 4 is designed printer incorporating this oil-impregnatcd smtercd bearmg 4 

tosuppart arotaiy shaft3fcr rotation atahigh specdielative are shown in HOS^ 3Ato 3C As ^'^^'^^J^%'>1 

to a housing 5, thc shaft being driven by excitation force 20 the conventional bearing previously m relation to HGS. UA 

betweenTiSor 1 andastator2ina scanncrmotorfor ahiser to UCandHGS. 12A and 12B ^JL^ 

beam printer as shown, for example, in FIG. 9. In the the Lissajous* figure was staWe (FIG. 3B), the fi^ency 

oil-immt^ted sintered bearing 4. a bearing bore 4a for analysis results disdosed 00 tiie componcnte of rotational 

ieceivingtberotaryshaft3compriscsaporousbearingmain speed and its high frequenqi'comp^^ 

body molded from a sintered aUoy, and imj^egnatcd with 25 of whirl was recognized (FIG. 30- These residis mean that 

lubricating oiL A pattern of alternate concave and convex an (m1 film Is fonned belw<^ the outer ciromifcrcna: <rf the 

portions arranged drcumfffentially in thc innc^ drcumfer- rotary shaft 3 and the suifecc of the convex Pations4c 

encc of the b^g bore 4a, Thus, die bearing has phn^ which serves as the bcanngsu^^^^ 

concave portions, for example, at least three or more axial for the rotaiy shaft 3 is provided by the acuon of a dynamic 

concave portions 4b, and plural convex p<Htions, for 30 pressure. 

cxanmle, at least direc or mOTC axial convex portions 4c. The The benefits of this embodiment will be summarized as 

surface of the concave portions 46 and the surface of the follows: The concave portions function effectively as an oil 

convex p<»tions 4c are both arcuate. A proper bearing sump since the surface porosity of the convex portions 

dearance CI is jwovided brtween the outer circumference of which provide die bearing surface is set smaller than that of 

thcrolary shaft 3 and the surfacc of the convex pOTtions 4c, 35 the concave portions so as to reduce die amount of die 

the bearing clearance CI being srt at an optimum vahie in lubricating oU esc^ing into the bearing diroug^i die surface 

a range of CiyR=2/10(X)0 to 500/10000, relative to (he pores of thc concave portions during nrtation of die rotary 

diameter R of die rotary shaft 3. A bearing clearance C2 shaft. Accwdingly, die sraplt hihricating oil held in the 

between die outer circumference of die rotaiy shaft 3 and die concave portions is drawn into a narrow region (bearmg 

surfaccoftiicconcavepottions46issetatan optimum vahie 40 clearance) between die convex portions and rotary shaft, 

in a range of C2/C1=1.2 to 5.0, for example, relative to die ensuring ttiat a dynamic pressure is exerted to i^ovide a 

bearing dearance CI. In HG. lA, it should be ^eciated stable suppOTt for die rotary shaft Besides, die pores are left 

diat dke dimensions cf die bearing clearances CI and 02 and to some extent in die surfacc <rf die convex portioos so that 

die pattern of ahemate concave and convex pardons arc lubricating ofl inside die bearing is instanUy supplied onto 

depicted in a considerably exaggerated form dian actuaL 45 bearing surface upon starting, whidi renders die starting 

In dKimier circumference of the bearing bore 4fl, die torque is sraaU and die wear is less. ^ , ^ 

surface pwosity of die concave portions 46 is smaller dian The oU-imj^egnated sintered bearmg 4 is obtamed by two 

diat of the convex portions 4c. The surface p^osity is sizing stqps as wiU now be desml)ed, in die inamifart^ 

prcfcrahly in a range of from 0 to 10% by surfacc area ratio process of an ordinary wl-impregnated smtcred bearing. 

fordicconcavepOTtions46.andinarangcoffrom5to25% 50 GeneraUy, die oil-impregnated sintered beari^ is manufao- 

by surfecc area ratio for die convex portions Defining die tured by a scries of steps of blending and wei^g specified 

surfacc porosity for die concave pwtions 4b and convex amounts of component materials, mixing and compression 

portions 4c as specified herein reduces die amount of molding tiiem into a blank and, foUowing die smtermg of Ae 

hihricating oU S escajang frxHn die surface pores in die blanJcsiringabcaringbwcof the blank to diereby finish die 

concave portions 4b into die bearing as die rotary shaft 3 33 bore internal surface, Le. bearing surfecc to die desired 

rotates in die direction of arrow A, as shown in FIG. IC, so shape and dimensions. Thereafter, die Wank is unpcc^nated 

dial die concave portiOTS function effectively as an oQ smnp, widi a specific amount of lubricating oa Thc manufacturing 

Accordingly, die luWcating oil S having no place to go, is process, of die oil-impregnated sintered bcarmg4 of die 

drawn, widi die rotation rfdie rotary shaft3,intodie bearing embodiment employs a first sizing step usmg a first sizmg 
dearance CI between die outer circumference of die rotary eo pin PI in die sh^ as shown in FIGS. 4A and 4B, and a 

shaft 3 and dK surface <tf die convex portions 4c, ensuring second sizing st^ using a second sizmg jan P2 m die sh^ 

tiiat a dynamic pressure is exerted tojwovide a stable support as shown io HQS. 5A and 

fot die rotary shaft 3. As stated above, die surface porosity The first sizing pin PI has plural arcuate forming surfaces 

of die concave portions 4i> ranges preferably fr«n0 to 10*. Plfl and plane forming surfaces Pit alternating in die 
The surface p<wosity of die concave portions 4b exceeding 65 circumferential direction. Thc second sizing pin has a cir- 

10% allows a larger amount of die lubricating oil S to cular forming surfacc P2a. The arcuate forming surfaces Pla 

permeate dirough die surface pares in die concave portions of die first sizing pin PI have a shape, dimension and 
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dicumf cicntial phase corresponding to die concave pcftions 
4h of the bearing bore 4a to be produced. The circular 
for ming smfacc P2a of the second sizing pin P2 has the 
outer diameter R2 smaller than the circumscribed circle 
diameter Rl of the arcuate fcxming surfaces Pla, and larger 
than the inscribed circle diameter R*l of the plane forming 
surfaces Pl^, the outer diameter R2 correspooding to the 
inner diameter o€ the convex pcKtions 4c of the bearing bore 
4a to be produced 

In die first sizing st^ process, the first sizing pin PI is 
insetted, with a greater sizing allowance, into the inner 
drcumference of the bearing bore 4a formed in nearly 
circular stu^ by the coitq>ression molding, so as to finish 
the region for the concave portions 4b to specified shape and 
size on the arcuate forming surfaces P^a. At diis moment 
the region for the convex portions 4c is only provisionally 
formed in a plane shape, copying the plane forming surfaces, 
Pl^ of the first sizing pin Fl, and is not in as yet specified 
shape and size. 

In the second sizii^ step, the second sizing pin PI is 
inserted with a smaller sizing allowance into the inner 
circumference of die bearing bore 4a. so that only the region 
of convex portions 4c is finished to specified ^hapc and size 
on the circular forming siffface P2a. Since the outer diameter 
R2 of the circular forming surface P2a is set in the specified 
dimension as described previously, it comes into contact 
only with the region provisicmally fonned in a plane in the 
first sizing step to fini^ this legioo to the convex portions 
4c of specified size and sh^. 

According to the manufacturing method described herein, 
Ihe surface potcs in the concave portions 4b are crushed 
more and the surface porosity becomes smaller than that of 
the convex portions 4c. since the sizing allowance for 
finishing the concave portions 4b is larger than the sizing 
allowance for finishing the convex portions 4c. Acccvdingly, 
the concave portions 46 hardly allow the lubricating oil to 
permeate into the bearing, functioning effectively as an oil 
sump. Moreover, since the surfaces of the convex p<»tions 
4c which provide the bearing surface are finished by the 
circular forming surface F2a of the second sizing pin P2, tfic 
dimensions, roundness, cylindridty, and surface roughness 
the convex portions 4c can be finished to a higher 
precision, as compared with the conventional method using 
a sizing pin of a toothcd-wheeHike cross-section. 

Still more, a modelate plastic deformation is insured, 
without resultant peeling or chip which would odterwisc be 
caused, since the region of concave portions 4b and die 
region of convex portions 4c are finished in separate sizing 
stq>s. Hence, it may lead to improvement of wcvldng 
efficiency, reduction of defective rate, and decrease total 
cost 

In the sizing process, meanwhile, use of a sizing pin 
having small protrusions on the forming surface thereof 
fadhtates the crushing of the surface pores. Particulariy, as 
shown in FIGS. 6A and tiB, the first sizing pin PI having 
small protrusions Flc fonned on the arcuate forming sur- 
face Pltf may be used in the first sizing step, so as to 
satisfactorily crush the surface pores in the concave portions 
46 so as to achieve the surface porosity oi less than several 
percent. 

FIGS. 2A and 2B show sudi a modificadon that die 
concave portions 4b is divided into two regions 4bh 4b2 
differing in the surface porosity. The region 4bl is anterior 
and the region 4b2 postmor as viewed in relation to the 
rotational direction A the rotary shaft 3. The surface 
porosity of the region 4bl is smaller than that of the region 
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4b2, Therefcffe, the convex portions 4c, the region 4bl and 
the region 4bl are in descending order in surface porosity. 
The surface porosity for ranges preferably from 0 to 10^ hy 
surface area ratio for the region 4bl d the concave porticms 

5 4i>, 3 to 20% by surface area ratio for the region 462, and 5 
to 25% by surface area ratio for the convex portions 4c. Of 
the concave pCHtion 4b, that rcgicm where the lubricating oil 
S flowing along with rotation of the rotary shaft 3 collides 
is defined as the region 461. and the remainder is defined as 
the region 462. Hie circumferential width of the region 461 
should be set taking account of the condition use, char- 
acteristic of lubricating oil and others, and generally. 30 to 
90% and 70 to 10% of tbt overall circumferential widdi of 
the concave pntioo 46 may the region 461 preferat^y be 

^5 allocated to and the region 46Z respectively. 

In this modification in which, the surface porosity of the 
concave portions 46 (region 461 and region 462) and the 
convex portions 4c is so defined, the lutxricating oil S easily 
oozes out of the pores in die region 462 from inside of the 

20 bearing as the rotary shaft 3 rotates (in direction A as 
shown), and this lubricating oil S is collected in the region 
461 to form an oil sump. Hmcc, die concave portions 46 
function more effectivdy as an oil sun^. 
This modified example of the oil-impregnated sintered 

25 bearing 4 is manufactured, in the manofacturing process of 
the embodiment of FIGS. LA and IB. by perf<Hming a first 
sizing using the first sizing pin P'^l in the shape shown in 
FIGS. 7A and 7B, and a second sizing using the second 
sizing pin P2 in the sh^ as shown in FIGS. 5A and 5B. In 

30 this case, the first sizing pin P*l has small protrusions P"lc 
in a partial region of the arcuate forming surface P"la. The 
drcumfcrential width of the small protrusions P^lc coire- 
sponds to the region 461 of the concave portions 46, and the 
circumferential width of the arcuate forming surface p^la 

35 corresponds to the region 462 of the concave portions 46. In 
the first sizing step, use of the first sizing frin P**l having 
small protrusions E^lc in a partial region of the arcuate 
forming surface P'^Ui facilitates the crushing of the surface 
pores in the regicm 461 of the concave portions 46, so that 

40 the surface porosity of the region 461 may be defined in the 
specified range. 

Refening next to an embodiment shown in HGS. 8Ato 
8C, in the oil-impregnated sintered bearing 4 shown in RG. 
8A, an annular bearing surface 9a is formed in the middle of 

45 the vertical direction of the bearing bore 4a, and expanded 
portions 10 gradually e3q>anding in diameter at a taper angle 
6=3'' towards upper and lower ends are formed at upper and 
lower sides d the bearing surface 9. In such arrangement, as 
shown in FIG. 8A, if die lubricating <m1 oozing out into die 

so bearing clearance C2 overflows from the bearing clearance 
C2, during rotation of the rotary shaft 3. the overflow 
permeates again into the bearing 4 through the inner cir- 
cumfereDce of the expanded portions 10. and dicn oozes 
again into the bearing surface 9 to circulate. The expanded 

55 portions 10 form with the outer circumference of the shaft 3 
a clearance which provides an chI sunc^ of relativdy large 
amount of volume, although its radial dimension is as small 
as capillary attraction is generated. Therefore, the on oozing 
out of die bearii^ surface 9 is once pooled in the oil sump 

60 thus formed, and is prevented from scattering by die capil- 
lary attraction. Hence, scatter of oil is prevented, and poor 
lubrication due to scatter and shortage of oil does not occur, 
so that the bearing 4 endures for a longer period of time. 
Besides, the surroundings will not be contaminated by any 

65 scattering oiL The taper angle 6 of the expanded portions 10 
ranges preferably from 2"* to 10", If the taper angle 6 is less 
than 2°, die clearance between the inner circumference of 
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the expanded portions 10 and the loiary shaft 3 is too small, convex portions 4c. thae is a proper deaiance CI. and die 

wbich causes a drawing action to be indnoed widi the ratio rf the clearance CI to the shaft diameter R is in a range 

rotation of the rotary shaft 3 to therd)y allow the oil to ooze of Cl/R=2/10000 to 50(V10000. The ratio of die clearance 

out deteriorating in die oil collecting liinctiDn. On the other C2 between the rotary shaft 3 and the concave p<Mtions 4ft 

hand, if die taper angle e exceeds 10°, die clearance around 5 to die clearance CI is in a range of 0^1=1.2 to 5.0. The 

dierotaiyshafl3istoowidcandcapillaryattractiondoesnot porosity of the bearing surface 9 is smaUer in the concave 

take effect, testdting in that the oozing oU passes through the portions 46 than hi die convex portions 4c. Thus, die 

expanded portions 10 to leak out along the rotary shaft 3 and porosity of die convex portions 4c and die concave portions 

scatter about by the action of centrifligal force. 4b preferably ranges from 3 to 15% and from 0 to 10*. 

The axial widdiB of the expanded portions 10 is required W reqieetivdy.Asaresult. alessaiiiourtof oUp™ 

tobeatleast or more of di^ widdi D of the bearing flH**"**'^^ 

surface 9. There is no particular upper limit fcr the axial ID. andthe wiiaive portions 4 function effechvrty as .mod 

width B from the vicwj-rint of bearing function, and it is ««mp. The od tiius coHected mAe concavepottoons 4«ms 

pref««ed to be as long as possible in relation to be dimcn- <««wn mto dienj«ow region bd«»*cnft^ rotmy sh^ 3 die 

sion of the place for accommodating die bearing 4. ff die « ««> convex portions 4c widi die rotation of die shaft 3. 

axialwiddirfdieexpandedportionslOisle»sdianV,ofdiat ens«ing diat a dynamo pr«*swe « exerted to providea 

of ttu. bearing surf a^ die ?^ for pooling die oU is Ux, stable support for Ae n^aryd^ ?^^oreov«. ^f^^ 

narrow, and Ae oil can overflow die expanded portions 10. pn^sly m relateon to HGS. 2A and 2B. fte con«ve 

■me expanded portions 10 need not be fomied at bodi die regions 4b may be divided mto two regions 4*1. 4b2 of 

upper and lowa^snds of U.C bearing 4 necessarily, but for » different suifiia porosity, tte surface por^ 

SSjcindiecasewheredie^shaftSissuiiartcdby ^d-g smikr d«n d«l of die P^^^^^ 

apTof uppa and Iowa bearings 4. one expanded portion 4fc2. wrth die same efferts as mdKs arrangement of FIGS.2A 

10 may be provided at the outer end of each bearing, diat is. andZB. 

at die vppa end of flie upper bearing and at die lower end What is dainted is: 

of die lower bearing. When the cjqianded portion 10 is 25 1. An oil-in^aegnatcd sintered bearing conqjrising a 

provided only at one end of die bearing, it Is not necessary porous body fanned from sintered alloy and unptegnaled 

for die bearing surface 9 to be located axially In the middle witii. hibticatuig oiL die paous body having a bearing bore 

ofdiebearingbare4fl,butniaybefonnedaranendoppositc ad^qited to rotataUy tecdve a rotary shaft, wherein die 

to die expanded portion 10. bearing bwe has in an inner circumference diereof a pattern 

In combination with die bearing 4 of the embodiment it e«>«vc portio«B and convex portions ananged 

isalsopossibletoemploy dieenLlimentofnGS. lAto f'^^^'^'^^^'t't^^^.^^ 

IC, andteace die aLl grooves f« exerting a dynamic ity of die concave pamons is smaller dian diat of die convex 

pressure may be formed in die beating surface 9. so diat die . . . ,. . , , 

S^mayb;suppressed.Thatis.aslownmFIGS.8Band „ 2- The ofl-mipregnated smtoed *>^J^J^^' 

8C. a phialityTTl^ three axial grooves are formed in « «^=«n die surface ^sity "^^^^^P^^J^' 

dieb.^siface9atequalint«»valsinfl«drcamferential fif^Oto »<>*^?«^«« "^t^P"*^ 

direction, so tiiat die ^icave portions 4b and convex of the convex portions ranges from 5 to 25% by surfacearea 

portions 4c of die arcuate surface ate arranged alternately m '^o. 
die circumferential direction of die bearing surface 9 as 

viewed in a cross-section. Between the rotary shaft 3 and die * • • • • 
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